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(54) CLADDING MATERIAL FOR CENTRIFUGAL CASTING ROLL 

(57) A cladding material for centrifugal casting rolls 
which contains 2.5-4.7 % C, 0.8-3.2 % Si, 0.1-2.0 % Mn, 
0.4-1 .9 % Or, 0.6-5 % Mo, 3.0-10.0 % V, and 0.6-7.0 % 
Nb. these elements satisfying the following relationships 
(1)to (4): (1) 2.0 + 0.15V + 0.10Nb £ C (%), (2) 1.1 <£ 
Mo/Cr, (3) Nb/V <£ 0.8, (4) 0,2 £ Nb/V and the balance 
consisting of Fe and inevitable impurities, and comprise 
ing granular MC-type carbides having a pouring temper- 
ature of 1 ,400 °C or above and graphite. ft 
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Descripti n 

FIELD OF THE INVENTION 

The present invention relates to a roll shell material which has excellent wear resistance, crack resistance and a 
small friction coefficient and is free from segregation even if centrifugally cast and also exhibits satisfactory resistance 
against cobble cracks and surface deterioration resistance. 

BACKGROUND OF THE INVENTION 

Hitherto, high chrome cast iron, nickel alloyed grain cast iron, adamite and so forth have been employed as the 
material for rolls in a rolling mill. Subsequently, a high-speed steel roll material and rolls comprising the same have been 
developed in order to improve the wear resistance. 

For example, a roll shell material has been disclosed in Japanese Unexamined Patent Publication (JP-A) No. 4- 
365836, which contains C: 1 .5 to 3.5%, Si: 1 .5 % or less, Mn: 1 .2% or less, Cr: 5.5 to 12.0%, Mo: 2.0 to 8.0%, V: 3.0% 
to 10.0% and Nb: 0.6 to 7.0%, which satisfies the following formulas (1) and (2): 

V+ 1.8 Nb =i 7.5C-6.0(%) (1) 

0.2 =i Nb/V ^ 0.8 (2) 

and which further contains remainder of Fe and inevitable impurities, the roll shell material being free from segregation 
of composition and structure of the outer shell of the roll even if the roll is centrifugally cast and exhibiting wear resist- 
ance and crack resistance. 

Japanese Unexamined Patent Publication (JP-A) No. 6-256888 discloses a high-speed cast steel material contain- 
ing graphite and further composed of C: 1.8 to 3.6%, Si: 1.0 to 3.5%, Mn: 0.1 to 2.0%, Cr: 2.0 to .10.0%, Mo: 0.1 to 
10.0%, W: 0.1 to 10%, one or both of V and Nb: 1 .5 to 10% and the remainder which is substantially composed of Fe. 
This high-speed cast steel material has a small friction coefficient and is capable of preventing propagation of cracks 
therein. 

Japanese Unexamined Patent Publication (JP-A) No. 6-335712 discloses a wear and scoring resisting roll for a hot 
rolling mill which is composed of C: 2.0 to 4.0%, Si: 0.5 to 4.0%, Mn: 0.1 to 1.5%, Ni: 2.0 to 6.0%, Cr: 1.0 to 7.0%, V: 
2.0 to 8.0%, and further contains one or more of Mo: 0.3 to 4.0%, W: 0.3 to 4.0%, Co: 1 .0 to 1 0.0%, Nb: 1 .0 to 10.0%, 
Ti: 0.01 to 2.0%, B: 0.02 to 0.2% and Cu: 0.02 to 1 .0%. 

A hot rolled product is manufactured by heating, in a heating furnace, a slab manufactured by continuous casting 
or blooming^nd having a thickness of 130 to 300mm or by receiving the hot slab as it is, followed by hot-rolling the slab 
in a roughening rolling mill and a finishing rolling mill to form the slab into a strip having a thickness of 1 .0 to 25.4mm, 
followed by winding the strip into a coil by a winding machine (a coiier) and cooling the coil, and followed by subjecting 
it to processes by a variety of refining lines. - 

The finishing rolling mill is usually in the form of a continuous* rolling mill having five to seven 4-high rolling mills 
arranged in series. Although 6-stand mills have been employed in the 30's of the Showa era, the majority of mills has 
employed seven stands in the 40's of the Showa era to improve the productivity and to be adaptable to a trend of enlarg- 
ing the size of the coil. The finish rolling process sometimes encounters a so-called accident in drawing such that two 
plates are stacked for some reason between the stands and the stacked plates are unintentionally rolled. In particular, 
the probability of an accident of the foregoing type is increased in the backward stands. In a 7-stand finish rolling mill, 
an accident of the foregoing type takes place at the fifth and following stands. If the cobble accident happens, the tem- 
perature of the surface of the roll is locally raised owning to heat generated attributable to the friction caused from the 
abnormal rolling operation and that attributable to the rolling operation. When the roll is cooled with water, thermal 
impact sometimes generates cracks on the surface of the roll. The cobble cracks occur as described above. In general, 
if cobble accident happens, the roll is changed to investigate whether a crack of the roll has occurred due to the acci- 
dent. If a crack is detected, the_jpll is ground until the crack is removed, thus resulting in an increase in the cost of the 
roll.- If the existence of a crack is overlooked and the roll is again used, the cobble crack serves as a start from which 
the crack propagates, thus increasing a risk of a roll spalling accident. In this case, the line must be stopped for several 
to tens -off hours, thus causing a great loss to be inflicted. 

Hitherto, a centrifugally-cast high-alloy grain roll has generally been employed as a f inishing roll utilized in the back- 
ward stand. Although the centrifugally-cast high-alloy grain roll exhibits a relatively low possibility of crack generation 
when encountering a cobble accident and, even if a crack is generated the generated crack is relatively shallow, it is 
characterized by poor wear resistance. Recently, a high-speed steel roll has been employed in therbackward stand of 
the finishing rolling mHI. Although a roll of the foregoing type has excellent wear resistance, which is three to five times 
that of the centrifugally-cast high-alley grain roll, it suffers from a high probability of generation of drawing when encouri- 
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tering a cobble accident, and a deep crack if generated. 

With respect to thin steel sheets usedflh forming the body of an automobile, the desired surface quality of a 
diversely shaped automobile is provided by obtaining a satisfactory surface quality of the product during the hot rolling 
process. Also the foregoing may be utilized in forming thin steel sheets for making electric products. 

5 A problem sometimes arises due to a large friction coefficient between the rolls and the product which causes sheet 

passing characteristic to deteriorate and scoring to take place. As a result, the surface properties sometimes deterio- 
rate. The foregoing problem has been solved by an invention filed in Japanese Unexamined Patent Publication (JP-A) 
No. 6-256888. However, problems with surface properties, such that scales on the roll or the material to be rolled, which 
are generated when the material is rolled, cause a scratch mark to be formed on the surface of the product by allowing 

10 the scale is to adhere just as if a wedge is inserted into the product that generates so called acicular scale marks, have 
not been solved by the prior art including Japanese Unexamined Patent Publication (JP-A) No. 4-365836 and Japanese 

*■ Unexamined Patent Publication (JP-A) No. 6-256888. 

In Japanese Unexamined Patent Publication (JP-A) No. 6-335712, a wear and scoring resisting roll for a hot rolling 
mill having a metal structure composed of graphite, MC carbides and cementite is disclosed. However, the MC carbides 

15 are unintentionally segregated attributable to centrifugal separation when the centrifugal casting operation is per- 
formed, thus causing a risk to arise in that the uniformity of the characteristics of the roll deteriorates. What is worse, 
no contrivance is employed to prevent acicular scale marks. 



DISCLOSURE OF THE INVENTION 



20 



In view of the foregoing, an object of the present invention is to realize crack resistance and a low friction coefficient, 
to be free from segregation and to maintain resistance against surface roughening even if centrif ugally cast while main- 
taining wear resistance, providing the characteristics of high-speed steel. ~ ■ 
A centrifugal cast roll shell material as defined in claim 1 is composed of a granular MC type carbide, graphite, C: 
25 2.5 to 4.7%, Si: 0.8 to 3.2%. Mn: 0.1 to 2.0%, Cr: 0.4 to 1 .9%. Mo: 0.6 to 5%, V: 3.0 to 10.0% and Nb: 0.6 to 7.0%, sat- 
isfying the following formulae (1), (2), (3) and (4): 

2.0 + 0.15 V + 0.10 Nb^ C(%) (1) 

30 1.1 =i Mo/Cr (2) 



35 



40 



Nb/V * 0.8 (3) 

0.2 =§ Nb/V (4), 

the remainder being Fe and inevitable impurities, wherein the pouring temperature is 1 ,400°C or higher. 

A centrifugal cast roll shell material as defined in claim 2 is composed of a granular MC type carbide, graphite and 
G: 2.5 to 4.7%, Si: 0.8 to 3.2%, Mn: 0.1 to 2.0%, Cr: 0.4 to 1.9%, Mo: 0.6 to 5%, V: 3.0 to 10.0%, Nb: 0.6 to 7.0% and 
B: 0:002 to 0. 1 %, satisfying the following formulae (1), (2), (3) and (4): 



~ 2.0 + 0.15 V + 0.10 Nb ^ C(%) (1) 

1.1 Mo/Cr (2) 

45 Nb/V £0.8 (3) 

0.2 =i Nb/V (4), 

the remainder being Fe and inevitable impurities, wherein the pouring temperature is 1 ,400°C or higher. 
so A centrifugal cast roll shell material as defined in claim 3 having a structure according to claim 1 and 2 further con- 
taining Ni: 5.5% or less. 

(A) The Centrifugal Cast Roll Shell Material Defined in Claim 1 

ss "Having Granular MC type Carbide" 

Existence of hard MC type carbide is most effective in improving wear resistance. By granulating the shape of the 
carbide, which allows the carbide to be uniformly dispersed into the structure of the roll; material, the uniformity and 
crack resistance of the roll can be improved. 
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"Making pouring Temperature to be 1 ,400 °C or Higher" 

As MC type carbide is effective in improving wear resistance, WC and VC have been known and employed. This 
embodiment is characterized in that Nb and V are compositely added in order to maintain granular MC type carbide 

s when the centrifugal casting operation is performed. That is, a {V,Nb} C composite carbide having NbC as the core 
thereof is crystallized in a molten material, and then coagulation accompanying crystallization of eutectic structure and 
graphite proceeds so that the manufacture is completed. Nb acts as the core of the MC type carbide, which is crystal- 
lized in the molten material. Although the VC carbide, having a small specific gravity, is centrifugally separated and seg- 
regated when the centrifugal separation is performed, it is formed into {VNb} C composite carbide, having a large 

io specific gravity, when mixed with 1Mb so that it cannot easily be centrifugally separated. However, if the pouring temper- 
ature is too low, crystallized carbide ({V,Nb}C) in the molten material is allowed to grow and become coarsened, thus 
resulting in the carbide ({V,Nb}C) being centrifugally separated. Therefore, the temperature must be 1 ,400°C or higher, 
it is preferable that the temperature be in a range from 1 ,450°C to 1 ,520°C. 

is "Having Graphite" 

The quantity of graphite to be crystallized is mainly dependent upon quantities of C used, which is the source of the 
graphite, Si having the effect of crystallizing graphite, and V and Nb for consuming C before the graphite is crystallized. 
In the present invention, the quantity of C is determined to be 0.2 to 5% as the area ratio in the scope of the present 
20 invention. Graphite absorbs stress which is generated when a thermal shock takes place. Graphite serves as a solid 
lubricant which reduces the friction coefficient and improves the scoring resistance. 

C: 2.5 to 4.7% ' • 

25 C is an essential element for forming hard carbide and for improving the wear resistance of the roll shell material, 
which is crystallized as the graphite in the base structure. The quantity of C is required to be 2.5% or more. Since the 
wear resistance deteriorates if the quantity is larger than 4.7%, the upper limit is set at 4.7%. More preferably, the quan- 
tity is 2.9% to 4.0%. 

30 Si: 0.8 to 3.2% 

Si is added for deoxidation, maintaining suitable casting characteristics and crystallizing the graphite. If the quantity 
is less than 0.8%, crystallization of the graphite is insufficient. If the quantity is larger than 3.2%, the quantity of the crys- 
tallized graphite is increased excessively, causing wear resistance to deteriorate. Therefore, the upper limit is set at 
35 3.2%. 

Mn:0.1 to 2.0% 

The quantity of Mn must be 0.1% or more because Mn is combined with S, which is mixed as an impurity to be 
40 formed into MnS so as to prevent brittJeness attributable to S. If the quantity is larger than 2.0%, cracking resistance 
deteriorates. Therefore, the upper limit is set at 2.0%. More preferably, the quantity is 0.2% to 1 .0%. 

Cr: 0.4 to 1.9% 

45 The quantity of Cr must be 0.4% or more in order to form the carbide, improve the wear resistance, strengthen the 
base structure and improve the crack resistance. Since Cr is a very strong degraphiting element, addition of amounts 
exceeding 1 .9% prevents crystallization of the graphite during the solidification process. Therefore, the upper limit is set 
at 1 .9%. More preferably, the quantity is 0.5% to 1 .0%. 

so Mo: 0.6 to 5% 

Mo affects the formation of carbide in a manner similar to Cr and effectively improve wear resistance and 
strengthen the base structure to improve crack resistance. Moreover, Mo is effective to improve the hardenability of the 
base structure and the softening resistance in tempering. Therefore, the quantity must be 0.6% or more. If the quantity 
55 is larger than 5%, the crack resistance deteriorates. Therefore, the upper limit is set at be 5%. 

V: 3.0 to 10.0% 

V is an essential element for forming a hard MC (or M 4 C 3 ) type carbide and is most effective in improving wear 
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resistance. The diameter of the carbide is about several jum. In order to provide this effect, the quantity must be 3.0% 
or more. If the quantity is larger than 1 0.0%, the deterioration of the crack resistance and manufacturing ploblems, such 
as defective melting, arise. Therefore, the upper limit is set at 10.0%. 

5 Nb: 0.6 to 7.0% and 0.2 s Nb/V (4) 

When VC carbide has a specific gravity that is smaller than that of the base molten material, it is segregated when 
centrifugally separated. Nb is added to prevent the segregation above. Nb forms a composite carbide {V.Nb} C together 
with V so as to raise the specific gravity, as compared with a case where the carbide solely contains V. As a result, seg- 
w regation attributable to the centrifugal separation is prevented. Therefore, the quantity of Nb must be changed to corre- 
spond to the quantity of V added: To obtain a uniform shell by the centrifugal casting method shown in Fig. 1, the 
quantity must satisfy 0.2 ^ Nb/V. Since V is added by 3.0% or more, the minimum quantity of Nb must be 0.6% or more. 
If the quantity of Nb is larger than 7.0%, manufacturing problems, such as defective melting, arise. Therefore, the upper 
limit is 7.0%. 

is Referring to Fig. 1 , "Wear Ratio (Inner layer/Outer Layer)" is a ratio (Iw/Ow) of the amount of wear (If) of a specimen 
that is sampled at an inner layer of a ring material and the amount of wear (Ow) of a specimen that is sampled at an 
outer layer of the same. The experiment shown in FIG. 1 was performed by using a specimen obtained such that a ring 
sample, having a thickness of 100mm and obtained by pouring at temperature of 1,470°C, C: 4.1%, Si: 1.1%, Mn:0.3%, 
Cr: 0.9%. Mo: 2.0%, V: 5.1% and Nb: 0 to 7.5% and by centrifugally casting (140 G) the material, was normalized at 

20 1 ,050°C and tempered at 550°C. A wear resistance test was performed such that two discs, a test speciment sampled 
above having a size of 0 50 x 10 and a speciment that is "the other" having a size of 0 190 x 15, , were slipped and 
rubbed against each other to heat "the other" disc to 800 6 C. In a state where the two discs were pressed against each 
other with a load of 100kgf, a test speciment is rotated at 800rpm. Assuming that the slippage ratio was 3.9%, the 
amount of the weight loss owning to the abrasion after a lapse of 120 minutes was measured. 

25 

2.0 + 0.15 V + 0.10 Nb^C(%) (1) 

When the roll material according to the present invention is solidified, the {V.Nb} C composite carbide and dendrite 
are initially crystallized, and then graphite and eutectic structure are crystallized so that the solidification is completed. 
30 Consumption of C is by V and Nb and is given priority, and the residue is graphite and so forth. Formula (1) expresses 
a condition for making the crystallized graphite to be 0.2% or more in terms of the area ratio. 

1.1 s Mo/Cr (2) 

35 The foregoing formula shows a conditional expression for preventing generation of the acicular scale marks. As a 
result of the experiment shown in Table 1 , formula (2) indicates the range with which generation of the acicular scale 
marks can be prevented. The rolling test shown in Table 1 was performed such that molten metal composed of C: 4.0%, 
Si: 1 .3%, Mn: 0.5%, Cr: 0.(6, 1.0 and 1 .7%, Mo: 0.2 to 7.0%, V: 4.8% and Nb: 1 .4% was poured into a sand mold at a 
temperature of 1 ,500°C, followed by forming a cylindrical block having a size of 0 90 x 250mm, which was then normal- 

40 ized at 1,050°C and tempered at 550°C. As a result, a roll having a diameter of 70 mm and a width of 40mm was 
obtained. Then, three coils, each of which was made of SUS304 and which had a thickness of 1 .2mm, a width of 20mm 
and a length of 600 m, were hot-rolled. The reduction ratio was 40%, the rolling speed was lOOmpm, and the rolling 
temperature was 1 ,050°C. The foregoing conditions correspond to an actual operation in which 315 slabs are rolled in 
the forward step (the first step) in the hot rolling finishing process. In this test, the coil, which is heated immediately 

45 before it was rolled, was descaled. After the experimented test, the surface condition of the rolled material was exam- 
ined to determine whether there exist scratch marks and scale that is inserted into the product like a wedge. 

Nb/V 0.8 (3) 

so The foregoing formula is a conditional expression for maintaining suitable crack resistance. As a result of the exper- 
iment shown in Fig. 2, a fact was confirmed that formula (3) expresses a range with which crack resistance does not 
deteriorate. In the experiment shown in Fig. 2, a specimen obtained from the outer layer of the ring material employed 
in the experiment shown in Fig. 1 was employed. The thermal shock test was performed such that a plate-like specimen 
having a size of 55 x 40 x 15mm was, for 15 seconds, pressed against a roller rotating at 1 ,200rpm. Immediately after 

55 this, the specimen was cooled with water to generate cracks. The pressing load wgs 150kgf. After the test, the speci- 
men was cut, and then the length of any cracks was measured. 
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(B) Centrifugal Cast Roll Shell Material Defined in Claim 2 

B, defined in the amounts set forth as follows is added to the centrifugal cast roll shell material defined in claim 1 . 
5 B: 0.002 to 0.1 % 

B is combined with dissolved N to be formed into BN, which serves as a core for crystallizing graphite. The exist- 
ence of the graphite core aids that the crystallized graphite becomes fine and Improves the wear resistance. Moreover, 
when the roll is worn when used in the rolling process, B causes the wear to take place more uniformly on the order of 
w the grain size, which is about 10 to 100 jtm. Therefore, the quality of surface of manufactured goods can be improved. 
To cause the foregoing effects to be obtained, the quantity of B must be 0.002% or more. If the quantity is larger than 
0.1%, a problem of deterioration in the crack resistance occurs. Therefore, the upper limit is set at 0.1%. More prefera- 
bly, the quantity is 0.04% to 0.1%. 

is (C) Centrifugal Cast Roll Shell Material Defined in Claim 3 

Ni, defined in the amount as follows, is added to the centrifugal cast roll shell material according to claim 1 or 2. 

Ni: 5.5% or less 

20 

Ni is added to improve hardenability. If the diameter of the roll is small or the roll is a sleeve type roll that can be 
quenched with water or with oil, Ni is not always a required element, (n other cases, it is Referable that Ni be added. In 
a case of a roll haying a diameter of 1 ,500mm, which is the largest class for a roll used in a rolling mill, and natural cool- 
ing is utilized, in which the cooling rate is low, the quantity of Ni is 5.5% or lower in order to enable hardening. More 
25 preferably, the quantity is 2.5% to 5.0%. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graph showing the influences of added Nb/V, which is the content ratio of Nb and V that affects the car- 
30 bide distribution, upon the hot wear ratio between the outer layer and the inner layer occurring in the centrifugally 
cast ring material; and 

Fig. 2 is a graph showing the influence of Nb/V, which is the content ratio of Nb and V, upon the depths of cracks 
generated in the thermal shock test. 

35 BEST PRACTICAL MODES OF THE INVENTION 

Example 1 

Molten irons (materials of examples of the present invention: A1 to A12 and materials of comparative examples: B1 
40 to B1 3, respectively) having the chemical compositions shown in Table 2 were employed in a centrifugal casting method 
(140 G) in which the pouring temperature was 1 ,480°C so that cast ring samples each having a thickness of 100mm 
were manufactured. Then, the samples were normalized at 1 ,030°C and tempered at 530°C, and subsequently Shore 
hardness, hot wear and thermal shock tests were performed. 

Note that the wear test was performed such that a specimen having a size of 0 50 x 1 0mm was obtained from each 
45 of the inner layer and the outer layer of the ring material and the foregoing conditions were employed. The friction coef- 
ficient was obtained from the radius of the specimen, the load, and the torque acting on the specimen. 

The thermal shock test was performed such that a plate-like specimen was obtained from the outer layer of the ring 
material and the above-mentioned conditions were employed. 

The rolling test was performed by obtaining a specimen having a size of 0 70 x 4Qmm from the outer. layer of the 
so ring material and by employing the foregoing conditions. 

Results of the wear test, thermal shock test and the rolling tests are shown in Table 3. As can be understood from 
Table 3, the materials (A1 to A12) according to the present invention, as compared with the comparative materials, 
simultaneously satisfied wear resistance, crack resistance, low friction coefficient, surface deterioration resistance and 
material uniformity after the centrifugal casting operation. 
55 As for material B1 , to which C was added in a small quantity, graphite was not crystallized. Therefore, the friction 
coefficient was raised. Material B2, to which C was added in a large quantity, encountered excessively large graphite 
crystallization. Thus, the wear resistance deteriorated. As for material B3, to which Si was added in a small quantity, no 
graphite was crystallized. Therefore, the friction coefficient was too high. Material B4, to which Si was added in a large 
, quantity, encountered an excessively large quantity of graphite crystallization. As a result, the wear resistance deterio- 
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rated. Because material B4 did not satisfy formula (2), defects wer§ detected on the surface of the product sheet during 
the rolling test. In Material B5, to which Mn was added in a large quantity, the crack resistance deteriorated. Since mate- 
rial B5 did not satisfy formula (2), defects were detected on the^ surface of the product sheet during the rolling test. Mate- 
rial B6, to which Cr was added in a small quantity, encountered deterioration in the wear resistance. Material B7, to 

5 which Cr was added in a large quantity, encountered degraphitization and no crystallization of graphite. As a result, the 
friction coefficient was too high. As for material B8 containing Mo in an excessively large quantity, it encountered dete- 
rioration in the crack resistance. Material B9, in which the quantity of V was too small, encountered deterioration in the 
wear resistance and some deterioration of the crack resistance. As for material B1 0, to which V was added excessively, 
it encountered deterioration in the crack resistance. Since material B1 1 did not satisfy formula (4), segregation of car- 

io bide resulted in the wear resistance of the outer layer being allowed to deteriorate. Since material B12 did not satisfy 
formula (2), defects were detected on the surface of the produbt plate during the rolling test. Since material B13 did not 
satisfy formula (3), its crack resistance deteriorated- 

Example 2 

15 

Molten irons (materials of examples of the present invention: C1 to C12 and materials of comparative examples: 
D1 to D13, respectively) having the chemical compositions shown in Table 4 were employed in a centrifugal casting 
method (140 G) in which the pouring temperature was 1,480°C so that cast ring samples each having a thickness of 
100mm were manufactured. Then, the samples were normalized at 1 ,030°C and tempered at 530°C and subsequently 
20 Shore hardness, hot wear and thermal shock tests were performed. 

Note that the wear test was performed such that a specimen having a size of 0 50 x 1 0mm was obtained from each 
of the inner layer and the outer layer of the ring material and the foregoing conditions were employed. The friction coef- 
ficient was obtained from the radius of the specimen, the load, and the torque acting on the specimen. 

The thermal shock test was performed such that a plate-like specimen was obtained from the outer layer of the ring 
25 material and the above-mentioned conditions were employed. 

The rolling test was performed by obtaining a specimen having a size of 0 70 x 40mm from the outer layer of the 
ring material and by employing the foregoing conditions. 

Results of the wear test, thermal shock test and the rolling tests are shown in Table 5. As can be understood from 
Table 5, the materials (C1 to C12) according to the present invention, as compared with the comparative materials, 
30 simultaneously satisfied wear resistance, crack resistance, low friction coeff ident, surface deterioration resistance and 
material uniformity after the centrifugal casting operation. 

As for material D1 , to which C was added in a small quantity, graphite was not crystallized. Therefore, the friction 
coefficient was raised. Material D2, to which C was added in a large quantity, encountered excessively large graphite 
crystallization. Thus, the wear resistance deteriorated. As for material D3, to which Si was added in a small quantity, no 
ss graphite was crystallized. Therefore, the friction coefficient was too high. Material D4, to which Si was added in a large 
quantity, encountered an excessively large quantity of graphite crystallization. As a result, the wear resistance deterio- 
rated. Because material D4 did not satisfy formula (2), defects were detected on the surface of the product sheet during 
the rolling test. In material D5, to whichlvln was added in a large quantity, the crack resistance deteriorated. Since mate- 
rial D5 did not satisfy formula (2), defeds were detected on the surface of the product plate during the rolling test. Mate- 
40 rial D6, to which Cr was added in a small quantity, encountered deterioration in the wear resistance. Material D7, to 
which Cr was added in a larg^cjuantity, encountered degraphitezation and no crystallization of graphite. As a result, the 
friction coefficient was too high. As for material D8 containing Mo in an excessively large quantity, it encountered dete- 
rioration in the crack resistance. Material D9, in which the quantity of V was too small, encountered deterioration in the 
wear resistance and some deterioration of the crack resistance. As for material D10, to which V was added excessively, 
45 it encountered deterioration in the crack resistance. Since material D1 1 did not satisfy formula (4), segregation of car- 
bide resulted in the wear resistance of the outer layer being allowed to deteriorate. Since material D12 did not satisfy 
formula (2), defects were detected on the surface of the product sheet during the rolling test. Since material D13 did not 
satisfy formula (3), its crack resistance deteriorated. Since no B was added to material D14, its wear resistance is 
unsatisfactory as compared with material A. Since B was added in an excessively large quantity to material D15, its 
so crack resistance deteriorated. 

INDUSTRIAL USABILITY 

As described above, according to the present invention, there is provided a centrifugal cast roll shell material hav- 
55 ing wear resistance, crack resistance and a low friction coefficient, capable of being free from segregation even if cen- 
trifugally cast, roll shell material also exhibiting surface deterioration resistance. 
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Table 1 



c 

o 


Cr 


Mo 


Mo/Cr 


Surface Observation 










Scratch Mark 


Introduction 
of Scale 




0.6 


0.2 


0.33 


detected 


detected 


10 


O.O 


0.5 


0.83 


detected 


not detected 




0.6 


0.8 


1.33 


not detected 


not detected 




0.6 


1.3 


2.17 


not detected 


not detected 




0.6 


3.5 


5.83 


not detected 


not detected 


15 


0.6 


4.6 


7.67 


not detected 


not detected 




0.6 


6.8 


11.33 


not detected 


not detected 




1.0 


0.2 


0.20 


detected 


detected 


20 


i .0 


0.5 


0.50 


detected 


detected 




1.0 


0.9 


0.90 


detected 


detected 




1.0 


1.2 


1.20 


not detected 


not detected 




1.0 


2.8 


2.80 


not detected 


not detected 


25 


1.0 


4.5 


4.50 


not detected 


not detected 




1.0 


6.6 


6.60 


not detected 


not detected 




1.7 


0.3 


0.18 


detected 


detected 


30 


1.7 






detected 


detected 




1.7 


1.1 


0.65 


detected 


detected 




1.7 


1.6 


0.94 


detected 


detected 


35 


1.7 


1.9 


1.12 


not detected 


not detected 


1.7 


3.5 


2.06 


not detected 


not detected 




1.7 


5.6 


3.29 


not detected 


not detected 



40 



45 



SO 
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Table 2 



5 



10 



15 



25 



35 



Material 


No. 


C 


Si 


Mn 


P 


S 


Cr 


Mo 


V 


Nb 


Ni 


Material According to 


A1 


3.7 


0.9 


0.2 


0.02 


0.01 


1.7 


4.0 


3.0 


1.0 


- 


Present Invention 


A2 


2.9 


2.8 


















0.6 


0.03 


0.01 


0.6 


0.7 


4.2 


2:0 


- 




A3 


2.7 


1.4 


0.5 


0.03 


0.01 


0.8 


1.2 


3.4 


1.2 


■ 




A4 


3.5 


1.1 


0.3 


0.02 


0.01 


1.6 


1.8 


7.0 


3.1 


■ 




A5 


4.5 


1.1 


0.8 


0.02 


0.01 


0.6 


3.0 


5.0 


2.1 


*" . 




Afe 


4.1 


2.0 


1.0 


0.03' 


0.01 


1.5 


2.0 


4.8 


1.6 


- .. 




A7 


3.9 


1.3 


0.3 


0.02 


0.01 


0.7 


1.8 


5.0 


1.3 






A8 


3.9 


1.3 


0.3 


0.02 


0.01 


0.8 


2.0 


3.8 


2.9 


- 




A9 


4.5 


1.6 


0.3 


0.02 


0.01 


0.6 


1.0 


3.2 


0.9 


- 




A10 


3.2 


1.2 


1.8 


0.03 


0.01 


0.8 


1.2 


5.2 


4.0 


- 




A11 


2.8 


1.2 


0.4 


0.03 


0.01 


0.9 


2.5 


3.7 


1.3 


1.5 




A12 


3.2 


1.5 


0.3 


0.03 


0.01 


0.8 


2.1 


4.6 


2.0 


4.8 


Material According to 


B1 


2.4 


1.2 


0.2 


0.02 


0.01 


1.7 


1.9 


5.1 


1.8 


- 


Comoarative Examoles 


B2 


4.8 


1.0 


0.3 


0.03 


0.01 


0.7 


2.1 


3.8 


2.7 


- 




B3 


3.9 


0.4 


0.3 


0.03 


0.01 


0.8 


2.5 


6.0 


1.3 


- 




B4 


3.2 


3.5 


0.4 


0.03 


0.01 


1.7 


0.8 


5.0 


,1.5 


- 




B5 


4.0 


1.1 


2.3 


0.03 


0.01 


0.8 


0.7 


4.6 


2.1 


- 




B6 


3.9 


1.0 


0.4 


0.02 


0.01 


0.1 


1.8 


5.2 


1.2 


- 




B7 


3.8 


1.6 


0.3 


0.02 


0.01 


2.1 


2.5 


5.1 


3.0 






B8 


4.2 "■ 


1.0 


0.3 


0.03 


0.01 


1.5 


6.1 


4.2 


1.2 






B9 


3.9 


0.9 


0.5 


0.03 


0.01 


0.6 


1.5 


2.6 


1.2 






B10 


4.3 


1.3 


0.4 


0.02 


0.01 


0.7 


1.3 


10.7 


3.0 






B11 


3.6 


1.1 


0.3 


0.03 


0.01 


0.8 


0.9 


3.4 


0.6 






BT2 


3.7 


1.2 


0.3 


0.03 


0.01 


1.6 


1.2 


5.1 


1.6 






B13 


3.8 


1.5 


0.8 


0.03 


0.01 


0.7 


1.6 


5.5 


5.0 





45 



50 
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Thermal Shock Test 


Kaximun Depth 
of Crack Due to 
Thermal Shock 


ca oo ^ ev> eo i cm «— i 
doodciooood 


«— < CM 


«... - 

v. 


Rolling Test 


Surface 
Observation 


Introduction 
of Scale 


Not Detected 
Not Detected 
Not Detected 
Not Detected 

Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 


Not Detected 
Not Detected 


Not Detected 
Not Detected 
Not Detected 
Not Detected 

Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

Detected 
Not Detected 


Scratch 
Hark 


Not Detected 
Not Detected 
Not Detected 
Not Detected 
not ueiecieo 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 


Not Detected 
Not Detected 


Not Detected 
Not Detected 1 
Not Detected 
Detected 
Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

Detected 
Not Detected 


Wear Resistance 
Test 


Friction 
Coefficient 


oooodoodSoo 


IS 


e> <=> <= e» eo e> a <= e> e» <=5 eo a 


Amount of 
Wear (g) 


Inner 
Layer 


ooddoooooo 


0.16 
0.15 




ii 




<3<3 




Area Ratio 
or urcipnitG 


HodowNHHwd 


CO 




Hardness 
Hs 




3 S3 




Nb/V 




0.35 
0.43 


OQOOOodcicidddd 


Ho/Cr 




2.78 
2.63 


2S2«S§2&SS2ieS 


lis 

i 2 




-0.12 
-0.31 
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Table 4 



No. 


C 


Si 


Mn 


P 


S 


Cr 


Mo 


V 


Nb 


B 


Ni 


C1 


3.6 


0.8 


0.3 


0.02 


0.01 


1.7 


3.8 


3.1 


0.7 


0.003 


- 


C2 


3.0 


2.9 


0.7 


0.02 


0.01 


0.6 


0.8 


4.1 


2.1 


0.009 


- 


C3 


2.6 


1.3 


0.4 


0.03 


0.01 


0.7 


1.4 


3.3 


0.9 


0.021 


- 


C4 


3.5 


0.9 


0.2 


0.02 


0.01 


1.5 


1.9 


7.2 


3.2 


0.080 


■ 


C5 


4.4 


1.3 


0.9 


0.03 


0.01 


0.8 


3.1 


4.8 


2.1 


0.050 


■ . 


C6 


4.1 


2.2 


0.9 


0.03 


0.01 


1.4 


1.8 


5.0 


15 


0.092 


■ 


C7 


3.8 


1.3 


0.4 


0.02 


0.01 


0.7 


1.9 


5.1 


1.2 


0.008 




C8 


3.9 


1.5 


0.3 


0.02 


0.01 


0.9 


1.8 


3.8 


2.9 


0.031 


- 


C9 


4.6 


1.6 


0.2 


0.02 


t).01 


0.5 


1.0 


3.0 


1.1 


0.015 


■ 


C10 


3.2 


1.2 


1.9 


0.03 


0.01 


0.6 


1.2 


5.0 


3.9 


0.077 


- 


C11 


2.9 


1.2 


0.4 


0.03 


0.01 


0.8 


2.5 


3.6 


1.5 


0.011 


1.3 


C12 


3.2 


1.6 


0^3 


0.03 


0.01 


1.1 


2.2 


4.8 


2.0 


0.056 


4.6 


D1 


2.4 


1.1 


0.3 


0.02 


0.01 


1.6 


1.8 


5:0 


1-9 


0.005 


- 


D2 


4.9 


0.9 


0.3 


0.03 


0.01 


0.8 


1.9 


3.5 


2.3 


0.023 


- 


D3 


4.0 


0.3 


0.3 


0.03 


0.01 


0.9 


2.5- 


5.5- 


1.2 


0.048 


- 


D4 


3.3 


3.4 


0.5 


0.02 


0.01 


1.5 


0.9 


5.0 


1.6 


0.089 


- 


D5 


3.9 


0.9 


2.3 


0.03 


0.01 


0.8 


1.1 


4.5 


2.1 


0.013 


- 


D6 


4.1 


1.0 


0.4 


0.02 


0.01 


0.2 


1.8 


6.0 


3.1 


0.032 


- 


D7 


3.9 


1.5 


0.3 


0.02 


0.01 


2.2 


2.6 


4.9 


2.2 


0.055 


- 


D8 


4.1 


0.9 


0.3 


0.03 


0.01 


1.4 


5.5 


4.2 


1.2 


0.007 


- 


D9 


3.9 


0.9 


0.5 


0.02 


0.01 


0.7 


1.4 


2.4 


1.2 


0.009 


• 


D10 


4.4 


1.2 


0.3 


0.02 


0.01 


0.8 


1.3 


10.6 


2.8 


0.062 




D11 


3.7 


1.1 


0.4 


0.02 


0.01 


0.8 


1.0 


3.5 


0.5 


0.025 




012 


3.6 


0.9 


"0.5 


0.03 


0.01 


1.6 


1.1 


5.1 


1.6 


0.006 




D13 


3.9 


1.6 


0.7 


0.03 


0.01 


0.8 


1.6 


4.6 


5.0 


0.014 




D14 


4.0 


0.9 


0.3 


0.02 


0.01 


0.8 


1.9 


3.2 


1.2 






D15 


3.8 


2.2 


0.4 


0.03 


0.01 


1.1 


3.2 


6.2 


2.5 


0.120 
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Thermal Shock Test 


Maximum Depth 
of Crack Due to 
Thermal Shock 
(mm) 


ocDCDCDCDCDocicDCD 
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Surface 
Observation 


Introduction 
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riot Detected 
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Not Detected 
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Not Detected 
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Not Detected 
Not Detected 

Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

Detected 
Not Detected 
Not Detected 
Not Detected 


Scratch 
Mark 


Not Detected 
Not Detected 
Not Detected 
Not Detected 
not uetecteo 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 


Not Detected 
Not Detected 


Not Detected 
Not Detected 
Not Detected 
Detected 
Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

Detected 
Not Detected 
Not Detected 
Not Detected 


Wear Resistance 
Test 


W 




0.272 
0.269 


CD CD CD CD CD CD CD CD CD CD CD CD CD CDCD 
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Wear (g) 
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Layer 


CD^ CD CD CD CD* CD* CD* CD CD 
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Outer 
Layer 
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Claims 



1 . A centrifugal cast roll shell material comprising a granular MC type carbide, graphite and C: 2.5 to 4.7%, Si: 0.8 to 
3.2%, Mn: 0.1 to 2.0%, Cr: 0.4 to 1.9%, Mo: 0.6 to 5%, V: 3.0 to 10.0% and Nb: 0.6 to 7.0%, satisfying the following 
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formulae (1), (2), (3) and (4): 

2.0 + 0.15 V + 0.10 Nb =i C(%) (1) 

1.1 ^ Mo/Cr (2) 

Nb/V =§ 0.8 (3) 

0.2 ^ Nb/V (4), 

the remainder being Fe and inevitable impurities, wherein pouring temperature is 1 ,400 °C or higher. 

A centrifugal cast roll shell material comprising a granular MC type carbide, graphite and C: 2.5 to 4.7%, Si: 0.8 to 
3.2%, Mn: 0.1 to 2.0%, Cr: 0.4 to 1 .9%, Mo: 0.6 to 5%, V: 3.0 to 10.0%, Nb: 0.6 to 7.0% and B: 0.002 to 0.1%, sat- 
isfying the following formulae (1), (2), (3) and (4): 

2.0 + 0.15 V + 0.10 Nb =i C(%) ^ (1) 

1.1 £ Mo/Cr (2) 

Nb/V 0.8 (3) 

0.2 £ Nb/V *. > i; (4), 

the remainder being Fe and inevitable impurities, wherein a pouring temperature is 1 ,400°C or higher. 

A centrifugal cast roll shell material according to claim 1 or 2 further comprising Ni: 5.5% or less. 



13 



EP 0 760 398 A1 




14 



EP 0 760 398 A1 




15 



EP 0 760 398 A1 



INTERNATIONAL SEARCH REPORT 



International' application No. 

PCT/JP96/00544 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 6 C22C37/06 
According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 6 . C22C37/06 



Documenution swrched other than minimum documentation to the extern that such documents arc iocluded io the He Ids searched 

J ij-suyo t Diiinaii Jsono 1926 — 1996 

Kokai Jitsuyo Shinan Koho 1971 - 1995 

Toroku Jxtsuyo Shinan Koho 1994 - 1996 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



iC. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category' 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



JP, 63-266041, A (NKK Corp.), 

November 2, 1988 (02. 11. 88) (Family: none) 



1-3 



I I 1 Further documents are listed in the continuation of Box C. ^] See patent family annex. 



Special categories of cited documents: 

document defining the general state of the art which is not considered 
to be of particular relevance 

earlier document but published on or after the i ntemational filing dale 
document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other 



U P" document published prior to the international fUiag dale but later tl 
the priority date claimed 



*T" later document published after the international Cling date or priority 
dale and not in conflict with the application but cited to understand 
the principle or. theory underlying the invention 

"X" document of particular relevance; the claimed invention cannot he 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"Y" document of particular relevance; the claimed invention cannot be 
'considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the an 

**&"* document member of the same patent family 



Date of the actual completion of the international search 
May 29, 1996 (29. 05. 96) 


Date of mailing of the international search report 
June 11, 19.96 (11. 06. 96) 


Name and mailing address of the ISA/ - 

- Japanese Patent Office 
Facsimile No. 


Authorized officer 
Telephone No. 



16 



